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Organic compounds 

The present invention relates to a process for producing organic compounds, and to 
intermediates produced In such a process. 

More particularly, the invention relates to: 

(A) a process for preparing a compound of formula I 




wherein Ri and Ra are each a removable protecting jgroup and Ri and Ra are different; 
comprising reacting a compound of formula II ••- 




with a suitable Ri donor compound; 

(B) Intermediates useful in the above process, defined by the general formula VII 




VII 



wherein Rg is a removable protecting group other than fluorenylmethoxycarbonyl, and I: 
different to R7; 

Re is hydrogen or a blocking group removable by hydrolysis or hydrogenolysis; and 
R7 is hydrogen or a removable protecting group other than fluorenylmethoxycarbonyl. 



The present invention provides a simple and efficient route for the preparation of compounds 
of formula I, which are useful in the synthesis of peptides, for example as described in WO 
02/10192. The compounds of formula VII are useful as intermediate compounds in the 
preparation of compounds of formula I. 

The compound of formula II may be prepared from a compound of formula III 




III 



wherein R2 is as defined above, 

R3 is a removable protecting group and R3 is different to Ri and R2, and 
R4 is a blocking group removable by hydrolysis or hydrogenolysis. * 

Protecting groups, their Introduction and removal are described, for example, in "Protective 
Groups in Organic Synthesis", T. W. Qreene et al.. John Wiley & Sons Inc., Second Edition 
1991. Suitable protecting group donor compounds, e.g. amino group protecting agents, are 
well-known to a skilled person, e.g. anhydrides, halldes, carbamates or N- 
hydroxysuccinimides which provide one of the protecting groups below. 

The protecting group Ri is preferably fluorenylmethoxycarbonyl. R2 or R5 is preferably a 
protecting group other than fluorenylmethoxycarbonyl, and is preferably more resistant to 
removal by hydrolysis (for example base-catalysed hydrolysis) and/or hydrogenolysis than Ri 
and/or R3, e.g. more resistant than fluorenylmethoxycarbonyl and/or benzyloxycarbonyl. 
More preferably R2 or R5 is tert-butoxycarbonyl. 

The protecting group R3 or R7 is preferably more resistant to removal by hydrolysis than Ri, 
e.g. more resistant than fluorenylmethoxycarbonyl. R3 or R7 is preferably removable by 
hydrogenolysis. Suitable R3 or R7 substituents Include benzyloxycarbonyl, 1,1,- 
dimethylpropynyloxycarbonyl, vinyloxycarbonyl, N-hydroxypiperidlnyloxycarboriyI, 9- 
anthrylmethyloxycarbonyl and phenylaminothiocarbonyl, allyl, nitrobenzyl, triphenylmethyl, 
(p-methoxyphenyl)diphenylmethyl, diphenyl-4-pyridylmethyI or benzylsulfonyl. Preferably R3 
or R7 is an oxycarbonyl-containing protecting group, e.g. benzyloxycarbonyl (carbobenzoxy). 
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R4 or Re may suitably be: 

(I) Cio-alkyl, e.g. C,.4-alkyl. preferably methyl, ethyl, propyl or butyl other than tert-butyl. 
more preferably methyl. 

(II) Ca^B-cycloalkyl, optionally substituted by one or more alkyi, e.g. methyl. Preferably 
cycloalkyi is Ca^cycloalkyl. 

(ill) Co-io-aryl. optionally substituted by one or more stabilising substitutents, e.g halogeno 
or nitro. Preferably aryl is phenyl, optionally substituted by one, two or three halogeno. e.g. 
chloro. 

(iv) (Cwo-aryOi-a-Ci-io-alkyl. optionally substituted on the aryl group by (i) one or more 
stabilising substituents. e.g halogeno or nitro. or (ii) by two substituents which together with 
the ring carbon atoms to which they are attached form a 5- or 6-membered ring, optionally 
containing one or two nitrogen or oxygen atoms. (C6.io.-aryl),-3-Ci.io-alkyl is preferably (i) 
(phenyl)i.3-C,wi-alkyl. more preferably benzyl, diphenylmethyl or triphenylmethyl. optionally 
substituted on each benzene ring by one, two or three halogeno, e.g chloro, (ii) 
anthrylmethyl, e.g. 9-anthrylmethyl, or (iii) piperonyl. 



(v) C6.io-aryl-Ci.4-all<oxy-Ci-,-allcyl, preferably benzyloxymethyl. 

(vi) C6.io-aryl-carbonyl-Ci.4-alkyl, preferably phenacyl. 

In the above, alky! means straight or branched alkyl. Preferably R4 or Re is a group which is 
removable by hydrogenolysis. such as benzyl, benzyloxymethyl, phenacyl, triphenylmethyl, 
piperonyl or 9-anthrylmethyl, preferably benzyl. 

The compound of formula II may be prepared by (i) hydrolysing the ester compound of 
formula 111 to obtain the corresponding carboxylic acid and (ii) removing the protecting group 
R3. Preferably the hydrolysis step is performed before removal of the protecting group R3. 
The protecting group R3 may conveniently be removed by reductive hydrogenation 
(hydrogenolysis). This route, involving a hydrolysis step, is suitably followed when R4 is not 
removable by hydrogenolysis. The hydrolysis step is preferably a base-catalysed hydrolysis. 



for example using sodium hydroxide and may suitably be performed In a polar solvent, 
e.g.methanol. 

Alternatively, a compound of formula II may conveniently be prepared by hydrogenation 
(hydrogenolysis) of a compound of formula III wlierein R4 is a group whicli Is removable by 
hydrogenolysis, e.g. benzyl. The hydrogenation step may conveniently be performed using a 
suitable catalytic agent, for Instance palladium-on-charcoal. 

Compound of formula III may be prepared by reacting a compound of formula IV 

IV 



O-R4 



N O 
I 

Ra 

wherein X is a nucleophilic substituent and R3 and R4 are as defined above, with a 
compound of formula V 

H 

wherein R2 is as defined above. This step may be performed in any suitable organic solvent, 
preferably in a hydrocarbon solvent, more preferably toluene. 

The compound of formula V is a protected ethylenedianiine (diaminoethane), wherein one 
amino group has been protected with a removable protecting group. The nucleophilic 
substituent X in formula IV is preferably halogeno, such as fluoro, chloro, bromo or iodo, 
more preferably chloro. The compound of formula IV wherein X is halogeno may be formed 
by reaction of a compound of formula VI 

HO. ^ o-B. ^' 



O 



I 

Ra 

with an acyl halide, for Instance phosgene, tri-phosgene, phenylchloroformate or 4- 
nitrophenylchloroformate. preferably 4-nitrophenylchloroformate. This step may suitably be 
performed in the presence of an organic base, e.g. dimethylamlnopyrldine, in a non-polar 
solvent, e.g. toluene. 
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The compound of formula VI may be commercially available, e.g. when R4 is methyl or may 
be formed by esterification of 4-hydroxy-proline according to methods known in the art. for 
instance by reaction with benzyl alcohol or methanol. The resulting ester is then protected 
by reaction with a suftable R3 donor compound, e.g. benzyloxycarbonyl-N- 
hydroxysuccinimide. 

The compound of formula IV need not be separated or isolated, as the compound of formula 
VI may be reacted with an acyl halide and the product of this reaction subsequently reacted 
with a compound of fomnula V in the same vessel. 

The addition of the protecting group Ri to the compound of formula II may suitably be 
perfomied in the presence of sodium carbonate/acetonitrile. 

Compounds of formula I can be recovered from the reaction mixture and purified in a 
conventional manner. 

In the compounds of formulae l-IV and VI above, the oxy substltuent on the proline may be 
in position cis or trans, preferably trans. The cis or trans isomers may be individually 
prepared, using the corresponding cis or trans hydroxyproline as starting material. 

Insofar as the production of the starting materials is not particularly described, the 
compounds are known or may be prepared analogously to methods known In the art or as 
described tiiereafter. 

In a further aspect, the present invention relates to a process for producing a compound of 
formula I. wherein R, is fluorenylmethoxycarbonyl and R2 is a removable protecting group 
other than fluorenylmethoxycarbonyl. comprising reacting a compound of formula II with a 
fluorenylmethoxycarbonyl donor compound. e.g. fluorenylmethoxycarbonyi-N- 
hydroxysuccinimide. 

The Invention will now be described with reference to the following specific embodiments, in 
which the following abbreviations are used: 
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Fmoc = fluorenylmethoxycarbonyl 

Boc = tert-butoxycarbonyl 

Cbo = carbobenzoxy (benzyloxycarbonyl) 

OSu = N-hydroxysuccinimide 

Example 1 

Preparation of Fmoc-(2S,4Fi)-Pro(4-OCO-NH-CHz-CHg-NH-Boc)'OH starting from Cbo- 
(2S.4R)-Pro(4-OH)-OMe 

1. Dimethylamlnopyridlne (30.5 g. 250 mmol) and Cbo-(2S,4R)-Pro(4-OH)-OMe (34.9 g. 
125 mmol) are dissolved in toluene (870 ml)- A solution of 4-nltrophenylchlorofomiate (31.5 
g, 157 mmol) in toluene (206 ml) is added dropwise to tliis solution at 0°C to 5 "C over 20 
minutes and stirred for an additional 2 hours. Tlnis is followed by addition of a solution of 
Boc-etliylenedlamine (80.1 g, 500 mmol) in toluene (205 ml) and stirring at ambient 
temperaUjre for 12 hours. A solution of concentrated sulfuric acid (43.7 g, 450 mmol) In 
water (873 mi) Is then added while maintaining a temperature of 20 "C to. 25 "C. The white 
suspension is filtered by suction and washed with toluene (30 mi). The toluene phase is 
washed with water (450 ml), sodium carbonate (10% w/w, 450 ml) and three times with 
water (450 ml each). The toluene phase is azeotropically dried by distilling off 300 ml, which 
is continuously replaced by dry toluene (2 x 300 ml). Heptane (130 ml) Is added to the dry 
toluene solution at 50 "C and cooled to 0"C over two hours. The precipitated product is 
filtered, washed two times with toluene/heptane 1:2 v/v (70 ml), and dried at 50 *C under 
vacuum to leave Cbo-(2S,4R)-Pro(4-OCO-NH-CH2-CH2-NH-Boc)-OMe as a white solid. 

2. Cbo-(2S.4R)-Pro(4-OCO-NH-CH2-CH2-NH-Boc)-OMe (20.0 g, 43.0 mmol) Is dissolved 
in a 1:1 mixture of tetrahydrofuran and methanol (380 ml). A 1 U sodium hydroxide solution 
(51.6 ml) is added and the resulting mixture stirred for 4 hours at ambient temperature. The 
mixture is adjusted to pH 3 by adding sulfuric acid (50 ml. 1 M). Tetrahydrofuran and 
methanol are distilled off at 50 °C and 50 mbar until no further solvents distil. The remaining 
milky solution is diluted with isopropyl acetate (113 ml) and water (57 ml), the phases are 
separated and the isopropyl acetate phase is washed with sodium chloride solution (10%, 
113 ml). The solvent is distilled off (50 »C, 50 mbar) to yield a foam of Cbo-(2S,4R)-Pro(4- 
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OCO-NH-CH2-CH2-NH-Boc)-OH (19.8 g). which was used without further purification In the 
next reaction. 

3. Palladium on charcoal (10%, 1.94 g, 0042 mmol) Is added to a solution of Cbo- 
(2S,4R)-Pro(4-OCO-NH-CH2-CH2-NH-Boc)-OH (19.4 g. 43.0 mmol) in Isopropanol (350 ml) 
and water (37 ml). Hydrogen Is bubbled through this mixture for 4 hours, the catalyst is 
filtered off, and the residue is washed with a mixture of isopropanol (50ml) and water (50 ml). 
The isopropanol/ water phase is azeotropically dried by distilling off 2/3 of the volume, which 
is continuously replaced by a toluene/isopropanol mixture (1:1 v/v). The remaining dry 
solution is concentrated in vacuo to dryness (50 'C. 200 mbar) to leave (2S,4R)-Pro(4-OCO- 
NH-CH2-CH2-NH-Boc)-OH as a brownish solid, which was used without further purification. 

4. (2S,4R)-Pro(4-OCO-NH-CH2-CH2-NH-Boc)-OH (5.0 g, 15 mmol) is dissolved in a 
mixture of water (25 ml) and triethylamine (1.5 g, 15 mmol) at 40 »C. A solution of Fmoc- 
OSu (4.65 g, 14 mmol) in acetonitrile (25 ml) Is added to the clear solution over 30 minutes 
and stirred for 2 hours. Then the. reaction mixture Is adjusted to pH 3 with hydrochloric acid 
(1 m. 13 ml) and stirred for a further hour. Acetonitrile is distilled off (40 »C, 80 mbar) and 
replaced by isopropyl acetate, affording a two-phase mixture. The lower aqueous phase is 
separated off, whilst the remaining organic layer is washed with water and distilled two times 
with replacement with isopropylacetate and then concentrated to a brownish foam. This foam 
is dissolved In isopropylacetate (25 ml) and added dropwise to heptane (200 ml) whereby the 
product is precipitated. The solid is filtered, washed with isopropylacetate/heptane and dried 
In vacuo at 40 »C to leave Fmoc-(2S,4R)-Pro(4-OCO-NH-CH2-CH2-NH-Boc)-OH. 



Example 2 

Preparation of Fmoc-(2S.4Fl)-Pro(4-OCO-NH-CH2-CH2-NH-Boc)-OH starting from Cbo- 
(2S,4R)-Pro(4-OH)-OBzl 

The synthesis of Cbo-(2S,4R)-Pro(4-OH)-OBzl is described In T. Makoto, H. Guoxla, V. J. 
Hruby, J. Org. Chem. 2001. 66, 1038-1042. The process of example 1 Is repeated, but 
using Cbo-(2S.4R)-Pro(4-OH)-OBzl In place of Cbo-(2S,4R)-Pro(4-OH)-OMe and performing 
steps 1 , 3 and 4 only (omitting step 2). 



Example 3 

Preparation of Fmoc-(2R,4R)-Pro(4-OCO-NH-CHrOHs-NH-Boc)-OH 

The process of example 1 or example 2 Is repeated but using Cbo-(2R,4R)-Pro(4-OH)-OMe 
or Cbo-(2R.4R)-Pro(4-OH)-OBzl In place of Cbo-(2S.4R)-Pro(4-OH)-OMe or Cbo-(2S.4R)- 
Pro(4-OH)-OBzl. 

Example 4 

Preparation of Fmoc-(2S.4S)-Pro(4-OCO-NH-CH2-CH2-NH-Boc)-OH 

The process of example 1 or example 2 is repeated but using Cbo-(2S,4S)-Pro(4-OH)-OMe 
or Cbo-(2S.4S)-Pro(4-OH)-OBzl In place of Cbo-(2S,4R)-Pro(4-OH)-OMe or Cbo-(2S,4R)- 
Pro(4-OH)-OBzl. 



Claims 



1 . A process for preparing a compound of fomiula I 




winereln Ri and Ra are eacli a removable protecting group and Ri and Ra are dlffefent; 
comprising reacting a compound of formula II 




with a suitable Ri donor compound. 

2. A process according to claim 1 , wherein the compound of formula II is prepared by 
(i) hydrolysing a compound of formula III 



wherein R2 is as defined in claim 1 , 

R3 is a removable protecting group and R3 is different to Ri and R2, and 
R4 is a blocking group removable by hydrolysis or hydrogenolysis, 
to obtain the corresponding carboxylic acid, and 
(ii) removing the protecting group R3 in the resulting carboxylic acid. 

3. A process according to claim 1, wherein the compound of formula II is prepared by 
hydrogenating a compound of fonnula 111. wherein each of R3 and R4 is a group removable 
by hydrogenolysis. 




Ill 



3 
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4. A process according to claim 2 or claim 3, wlierein tlie compound of formula III is 
prepared by reacting a compound of formula IV 




wherein X is a nucleopliilic substituent 

and R3 and R4 are as defined in claim 2 or claim 3, 

with a compound of formula V 




wherein Ra is as defined in claim 1 . 

5. A process according to claim 4, wherein the compound of formula IV is prepared by 
reaction of a compound of formula VI , . ... . . „ 




VI 



I 

Ra 

wherein R3 and R4 are as defined in claim 2 or claim 3, 
with an acyl halide. 

6. A process according to any of claims 2 to 5, wherein R4 is methyl, ethyl, propyl, butyl 
other than tert-butyl, benzyl, benzyloxymethyl, phenacyl, triphenylmethyl, piperonyl or 9- 
anthrylmethyl. 

7. A process according to any preceding claim, wherein R2 is tert-butoxycarbonyl. 

8. A process according to any preceding claim, wherein Ri is fluorenylmethoxycarbonyl. 

9. A process according to any preceding claim, wherein R3 is benzyloxycarbonyl. 



10. A compound of formula VII 



4-32y97/Kl 
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P-Re 



VII 



Wherein R5 is a removable protecting group other than fluorenylmethoxycarbonyl, and is 
different to R7; 

Re is hydrogen or a blocl<ing group removable by hydrolysis or hydrogenolysis; and 
R7 is hydrogen or a removable protecting group other than fluorenylmethoxycarbonyl. 

13. A compound according to claim 12, wherein R5 is tert-butoxycarbonyl. 

1 4. A compound according to claim 1 2 or claim 1 3, wherein R7 is hydrogen or a protecting 
group more resistant to base-catalysed hydrolysis than fluorenylmethoxycarbonyl. 

1 5. A compound according to claim 1 4. wherein R7 is benzyloxycarbonyl. 

1 6. A compound according to any of claims 1 2 to 1 5, wherein Re is hydrogen or methyl. 

17. A compound according to any of claims 12 to 15, wherein Re is removable by 
hydrogenolysis. 

18. A compound according to claim 17, wherein Re Is benzyl. 

19. A process for producing a compound of formula I, wherein Ri 
fluorenylmethoxycarbonyl and R2 is a removable protecting group other tha 
fluorenylmethoxycarbonyl, comprising reacting a compound of formula II with 
fluorenylmethoxycarbonyl donor compound. 

20. A process substantially as hereinbefore described with reference to the examples. 



21 . An intermediate compound, excluding starting materials and product, substantially 
hereinbefore described with reference to the examples. 



